Abstract: This paper presents a methodology for identifying some stress concentrators based on the modal analysis performed using MSC Patran and MSC Nastran programs. The influence of a beam crack on its own frequency is practically insignificant. In order to emphasize this concentrator and its position, a modal shape processing method is used, by way of a program developed in EXCEL.
INTRODUCTION
To verify the validity and effectiveness of the damage algorithms introduced above, numerical modal analysis based on the finite element (FE) method was performed. Numerical analysis was carried out by using the commercial FE software MSC Nastran 2012.1. The geometrical configuration of the beams is shown in Fig. 1 . The dimensions of Beam 1 are as follows: length L= 1250 mm, width B = 50 mm, and thickness H = 5 mm. Mill-cut damage with a depth of 2 mm and size (width) of 50 mm is introduced at a distance of 750 mm from one edge of the beam. Experimentally determined material properties are: Young's modulus E = 69 GPa, Poission ratio ν = 0.31 and mass density ρ = 2708 kg/m3. Finite element models for beams consist of two dimensional beam elements (MSC Patran 2012). Finite element length of 10 mm is considered: thus Beam 1 is constructed by means of 125 equal length elements (i = 126 nodes) [1] , [2] , [3] .
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Fig. 2 FEM of the test healthy beams
For the healthy beam, a constant stiffness EI is assumed for all elements (see Figure 2 ), while the damaged beam is modeled by reducing the stiffness of the selected elements (see Figure 3) .
Reduction of stiffness is achieved by decreasing the thickness of elements in the damaged region of the beam, which consequently reduces the moment of inertia I [4] , [5] , [6] . Using the modal analysis, first three natural frequencies and corresponding flexural mode shapes were obtained for the intact beam (see Figure 4 through Figure 6 ). 
MODE SHAPE CURVATURE (MSC) DAMAGE INDEX
In this algorithm the location of damage is assessed by the difference in the mode shape curvature between the healthy and the damaged case
where v i d and v i are mode shapes of the damaged and the healthy state of a structure, respectively, and i denotes the node number or measured point.
The mode shape curvatures are computed from numerically calculated mode shapes using the central difference approximation. The curvature difference between the damaged and the intact case are obtained by using a newly developed Excel code with modl data obtained from the finite element analysis using Patran/ Nastran as input. Table1 (below) shows the modal results (FEM Nastran) end curvature analysis (Excel). 
CONCLUSIONS
During the last decades vibration-based damage detection methods have been attracting most attention due to the simplicity of their implementation. The modal frequencies and corresponding mode shapes for the first 15 flexural modes of both the healthy and the damaged beams were calculated.
It can be concluded that the clamped-clamped boundary conditions for the beam structure is recommended for the detection of the location and size of damage.
Damage in structure affects the stiffness matrix and not the inertia matrix. Damage index methods were capable of indicating the location and size of the damage. The absolute difference between the curvature mode shapes of the intact and the damaged beam increases with the severity of the damage.
The numerical results demonstrate the effectiveness of the method in locating single and multiple damage scenarios in beams. 
